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(54) Line type ink-jet printer 

(57) There is described an ink-jet printer by which 
high speed image formation can be carried out and in 
which image failure due to a defective nozzle can be 
improved. The disclosed ink-jet printer includes a first 
printing head (2) to emit ink particles, being a line-type 
head in which a plurality of ink-jet nozzles are arranged 
in a line and a second printing head (2*) to emit ink par- 
ticles having a color same as that of the ink particles 
emitted by the first printing head. Another example of 

FIG. 19 



the disclosed ink-jet printer includes a printing head to 
emit ink particles, a nozzle checking device (6) for 
detecting a defect of the ink-jet nozzle mounted in the 
printing head and a driving unit for moving the printing 
head in a direction of the line. 

The nozzle checking device may be a laser nozzle 
checking device. 
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Descripti n 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a line type ink- 
jet printer which has a line-type head in which a plurality 
nozzles are arranged, whose length is corresponding to 
the width of the recording medium, and in which ink is 
jetted from the nozzles onto the recording medium, and 
the recording medium is conveyed in the subsidiary 
scanning direction, thereby, an image is formed on the 
recording medium. More particularly, the present inven- 
tion relates to an ink-jet printer suitable for high speed 
image formation and image formation with high resolu- 
tion. 

[0002] The image formation in the ink-jet printer is car- 
ried out as follows: the head is moved in the primary 
scanning direction while droplets of ink which are jet- 
controlled by an image signal, are jetted from nozzles of 
the head onto the recording medium; when the image is 
recorded on the recording medium by one line, the 
recording medium is moved in the subsidiary scanning 
direction by one line; the droplets of ink are jetted again 
from nozzles of the head onto the recording medium 
and one line of image is formed; and hereinafter, by 
repeating these operations, an image is formed on the 
recording medium. 

[0003] Alternatively, as another structure, as disclosed 
in Japanese Tokkaisho No. 62-161547, there is a struc- 
ture in which ink nozzles of the head are arranged with 
an equal pitch in the length of almost maximum record- 
ing width of the recording medium, and the head is 
structured as a fixed line-type head. 
[0004] According to the structure, movement of the 
head in the primary scanning direction is not necessary, 
and an image can be formed only by the conveyance of 
the recording medium in the subsidiary scanning direc- 
tion which is perpendicular to the primary scanning 
direction, thereby, high speed image formation can be 
carried out. 

[0005] As described above, in the ink-jet printer hav- 
ing a fixed fine-type head in which the head is not 
moved in the primary scanning direction, for example, 
when there are such nozzle defects as in the cases in 
which nozzles are blocked by dusts or the like, and ink 
can not be jetted (hereinafter, called no-jetting of ink), or 
the peripheral portion of a jetting port of the nozzle is 
wetted by ink, a liquid drop of the jetted ink is attracted 
to the wetted portion, and the ink is not recorded on the 
target position on the recording medium (hereinafter, 
called curved-shooting of ink), image failure is gener- 
ated in the image formed on the recording medium. 
[0006] In more detail, in the case of no-jetting of ink, a 
longitudinal streak is formed on the recording medium in 
the subsidiary scanning direction. Further, in the case of 
the curved-shooting of ink, as shown in Fig. 12, when 
the jetted ink C from the nozzle c causes the curved- 
shooting of ink due to wetting of ink on the periphery of 



the nozzle and forms a line C - C. the line C - C formed 
by dots of the jetted ink approaches a line B - B formed 
in the same manner, and simultaneously, is apart from a 
line D - D, and a pitch between lines with respect to 

5 other lines A - A and E - E is different, and a longitudinal 
stripe is formed as the image formed by dots of ink in 
the subsidiary scanning direction. 
[0007] When such the image failure due to a defect of 
the nozzle occurs, the image failure can not be solved if 

10 the head is not replaced. 

[0008] Fig. 20 is a view showing an example of a line 
type ink-jet printer having the conventional line-type 
head. 

[0009] In the line type ink-jet printer 1 , the recording 

15 sheet P is nipped by conveyance roller pairs 31 and 32, 
and is further conveyed in the direction Y in the drawing, 
by the roller pair 31 driven by a conveyance motor 33. 
[001 0] A line-type head 2 is provided in opposite to the 
surface PS of the recording sheet P as the recording 

20 medium between conveyance roller pairs 31 and 32. 
The line-type head 2 is connected to a control substrate 
51 on which the control section is provided, through a 
flexible cable 4 (hereinafter called FPC). 
[001 1] Next, referring to Fig. 2, the line-type head will 

25 be described. 

[0012] As shown in the drawing, the line-type head 2 
can be separated into a base substrate 24 and a cover 
substrate 25. Piezoelectric elements 22 are arranged in 
a line on the base substrate 24, and each piezoelectric 

30 element 22 is connected to the FPC 4 through a circuit 
lead 23. 

[0013] Nozzles 21, each of which form a pair with 
each piezoelectric element 22, are aligned on the cover 
substrate 25 in a line with the sane pitch, each nozzle 
35 21 is connected to a fine tube provided with a portion to 
receive ink-jet-pressure by the piezoelectric element 22, 
and the fine tube is connected to an ink tank provided in 
the cover substrate 25. 

[0014] Next, operations of the above-described struc- 

40 ture will be described. A control section on the control 
substrate 51 makes a conveyance mechanism 3 convey 
the recording sheet P at a predetermined speed, drives 
the piezoelectric element 22 according to an image sig- 
nal, jets liquid drops of ink simultaneously for each line 

45 from the nozzles 21 of the line-type head 2. and forms 
an image on the recording sheet P. 
[001 5] As compared to a so-called shuttle type ink-jet 
printer whose head is driven in the primary scanning 
direction, the line type ink-let printer with the above- 

so described structure does not need the movement of the 
head in the primary scanning direction, and can form an 
image only by the conveyance of the recording sheet P 
in the subsidiary scanning direction which is perpendic- 
ular to the primary scanning direction, thereby, the line 

ss type ink-jet printer can conduct high speed image for- 
mation. 

[0016] However, in such the line type ink-jet printer 
having only one line-type head 2, for example, when 
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there are such defects of the nozzle 21 as in the cases 
in which the nozzles 21 of the line-type head 2 are 
blocked by dusts or the like, and ink can not be jetted 
(hereinafter, called no-jetting of ink), or the peripheral 
portion of a jetting port of the nozzle 21 is wetted by ink, 
a liquid drop of the jetted ink is attracted to the wetted 
portion, and the ink is not recorded on the target posi- 
tion on the recording medium (hereinafter, called 
curved-shooting of ink), an image failure (noise) occurs 
in the image formed on the recording sheet P, which is a 
problem. 

[001 7] Further, it is necessary to provide piezoelectric 
elements 22, ink tanks, fine tubes, etc., in the line-type 
head 2 corresponding to each nozzle 21, therefore, 
there is a limit to make a pitch of the nozzle 21 closer, 
thereby, an image with high resolution can not be 
obtained, which is also a problem. 
[0018] In this case, when the line-type head 2 is slant- 
ingly arranged to the primary scanning direction, a pitch 
of the nozzle in the primary scanning direction is made 
closer, and the resolution can be increased, however, 
the distance to move the recording sheet P in the sub- 
sidiary scanning direction is increased, and image form- 
ing speed is lowered, which is another problem. 
[0019] Further, the ink-jet head has a proper driving 
frequency, without depending on its type such as the 
type using piezoelectric elements, the high voltage sys- 
tem, the bubble-burst type, etc. 
[0020] Accordingly, there is such a problem that the 
image forming speed is also determined by the driving 
frequency of the head. 

[0021] Further, when a line-type head is produced, in 
the present cost is increased for the production of the 
line-type head longer than 5 inches, accordingly, a plu- 
rality of short line-type heads are jointed and one longer 
line-type head is produced. 

[0022] On the other hand, in the line-type head, liquid 
drop jetting characteristics of both end nozzles which 
are affected by only one side nozzle, and liquid drop jet- 
ting characteristics of nozzles except both ends which 
are affected by both side nozzles, are different from 
each other. 

[0023] Accordingly, in the line-type head produced by 
jointing short line-type heads, nozzles having different 
liquid drop jetting characteristics exist in one line, there 
is also a problem that image failure occurs on the 
recording sheet P. 

[0024] Further, when the line-type head is produced 
by jointing short line-type heads, it is difficult to correctly 
adjust nozzle pitches at joint portions, accordingly, this 
is also a problem to cause image failure on the record- 
ing sheet P. 

SUMMARY OF THE INVENTION 

[0025] The present invention is achieved in view of the 
foregoing problems. 

[0026] The first object of the present invention is to 



provide an ink-jet printer by which high speed image for- 
mation can be carried out 

[0027] Trie second object of the present invention is to 
provide a line type ink-jet printer in which image failure 

5 due to a defective nozzle can be improved. 

[0028] The third object of the present invention is to 
provide a line type ink-jet printer in which the frequency 
of replacement of a line-type head is reduced, replace- 
ment cost is reduced, and an increase of reliability can 

w be attained. 

[0029] The fourth object of the present invention is to 
provide an ink-jet printer by which image formation with 
high image quality can be earned out. 
[0030] To overcome the cited shortcomings, the 

is abovementioned objects of the present invention can be 
attained by an ink-jet printer descrfoed as follow: 

(1) An ink-jet printer, comprising: 

20 a first printing head to emft ink particles, being" 

a line-type head in which a plurality of ink-jet ; 
nozzles are arranged in a line; and 
a second printing head to emit ink particles' 
having a color same as that of the ink particles 

25 emitted by the first printing head. 

(2) An ink-jet printer, comprising: 

a printing head to emit ink particles, being a 
30 line-type head in which a plurality of ink-jet noz- 

zles are arranged in a line; 
a nozzle checking means for detecting a defect 
of the ink-jet nozzle mounted in the printing 
head; and 

35 a driving means for moving the printing head in 

a direction of the line, 

wherein the ink-jet printer performs a plurality 
of scanning operations onto a same scanning 
line of the recording medium to form an image 

40 of the scanning line when the nozzle checking 

means detects the defect, in such a manner 
that, in at least one scanning of the plurality of 
scanning operations, the driving means moves 
the printing head in a direction of the line so as 

45 to form the image of the scanning line by using 

another normal ink-jet nozzle instead of a 
defective ink-jet nozzle detected by the nozzle 
checking means. 

so [0031 ] Further, in order to solve the above-described 
problems and to attain the abovementioned objects, the 
following features of an ink-jet printer are desirable 
embodiments of the present invention. 

55 (1 ) A line-type ink-jet printer which comprises, 

a line-type head in which a plurality of ink-jet noz- 
zles are arranged in a width direction substantially 
the same length as that of a recording medium, to 



3 



5 



EP0 963 854 A2 



6 



emit ink particles from the ink-jet nozzles onto the 
recording medium, wherein the line-type ink-jet 
printer forms an image on the recording medium by 
conveying the recording medium in a subsidiary 
scanning direction, and further comprises, 5 

a nozzle checking means for detecting a defect 
of said ink-jet nozzle included in said first print- 
ing head; 

a auxiliary head arranged in parallel with the 10 
line-type head; and 

a control means for conducting image forma- 
tion by means of the auxiliary head when a 
defect of the ink-jet nozzles included in the line- 
type head is detected by information incoming 15 
from the nozzle checking means. 



As described above, when there is any defect 
on the line-type head, image failure due to nozzle 20 
defect can be improved by conducting image for- 
mation by using an auxiliary head provided in paral- 
lel to the line-type head. 

Herein, when a head having image recording 
width more than that of the line-type head is used 25 
as an example of an auxiliary head, image failure 
can be improved by using the auxiliary head 
instead of the line-type head, or by driving a nozzle 
of the auxiliary head corresponding to the defective 
nozzle of the line-type head. so 

Particularly, when a nozzle of the auxiliary 
head is driven corresponding to the defective noz- 
zle of the line-type head, frequency of the replace- 
ment of the line-type head is decreased, resulting in 
a decrease of the replacement cost, and an 35 
increase of the reliability. 

Further, when, as the auxiliary head, a head 
movable in the line direction of the line-type head is 
used, the auxiliary head is moved in such a manner 
that a nozzle of the auxiliary head is located at a 40 
position corresponding to the defective nozzle of 
the line-type head, the nozzle of the auxiliary head 
is used instead of the defective nozzle of the line- 
type head, and an image is formed, thereby, image 
failure is improved and frequency of replacement of 45 
the line-type head is reduced, resulting in a reduc- 
tion of replacement cost and an increase of the reli- 
ability. 

(2) A line-type ink-jet printer which comprises, 
a line-type head in which a plurality of ink-jet noz- so 
zles are arranged in a width direction substantially 
the same length as that of a recording medium, to 
emit ink particles from the ink-jet nozzles onto the 
recording medium, wherein the line-type ink-jet 
printer forms an image on the recording medium by 55 
conveying the recording medium in a subsidiary 
scanning direction, and further comprises, 



a nozzle checking means for detecting a defect 
of said ink-jet nozzle included in said first print- 
ing head; 

a driving means for moving the line-type head 
in the line direction, 

wherein said ink-jet printer performs a plurality 
of scanning operations onto a same scanning 
line of the recording medium to form an image 
of the scanning line when a defect of the Inkjet 
nozzles included in the fine-type head is 
detected by information incoming from the noz- 
zle checking means, in such a manner that, in 
at least one scanning of the plurality of scan- 
ning operations, the driving means moves the 
line-type head in the line direction so as to form 
the image of the scanning line by using another 
normal ink-jet nozzle instead of a defective ink- 
jet nozzle detected by the nozzle checking 
means. 



In the plurality of image formation conducted 
on the same recording medium, at least one image 
formation is conducted by moving the line-type 
head in the line direction of the line-type head, and 
image formation of the defective portion is con- 
ducted by using other normal nozzles, thereby, 
image failure due to the defect of the nozzle can be 
improved. 

Further, frequency of replacement of the line- 
type head is reduced, resulting in a reduction of 
replacement cost and an increase of the reliability. 

Incidentally, from a view point of the mechani- 
cal simplicity, it is desirable that the drum, rotated 
around its center axis, conveys said recording 
medium in a subsidiary scanning direction by bear- 
ing the recording medium on its circumferential sur- 
face. 

(3) An ink-jet printer, in which 

a plurality of line-type heads, each of which emit ink 
particles having a same color each other onto a 
recording medium, are arranged. 

A plurality of line-type heads by which liquid 
drops of ink of the same color are jetted on the 
recording medium, are provided, thereby, image 
formation with high image quality or high speed 
image formation can be attained. 

(4) The ink-let printer of item (3). in which, 
between adjacent nozzles of one line-type head of 
the plurality of heads, nozzles of the other line-type 
heads are located. 

In the primary scanning direction, when, 
between adjacent nozzles of one line-type head of 
the plurality of heads, nozzles of the other line-type 
heads are located, resolution in the primary scan- 
ning direction is improved, and a high quality image 
can be formed. 

Further, even if there is a nozzle defect such as 
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no-jetting of ink or curved-shooting of ink, in any 
line-type heads of a plurality of line-type heads, and 
noise is generated in an image, the noise is 
reduced by image formation by using other line- 
type heads, and high image quality is attained. 5 

For example, when an arrangement pitch of 
nozzles in a primary scanning direction of each 
line-type head and a number of the line-type heads 
are defined as P(dpi) and N, respectively, the reso- 
lution of the formed image is resulted in P x N (dpi) 10 
by shifting an arrangement of nozzles of each line- 
type head at P/N(dpi) in a primary scanning direc- 
tion. Thus the resolution is improved and high 
image quality is attained. 

(5) The ink-jet printer of item (3), in which 15 
a plurality of line-type heads are arranged in a 
direction so that each line of the line-type heads 
crosses the primary scanning direction. 

When a plurality of line-type heads are located 
in the direction to cross the primary scanning direc- 20 
tion, nozzle pitches in the primary scanning direc- 
tion are decreased, resolution is increased, and 
image formation with high quality can be attained. 

Further, by providing a plurality of line-type 
heads, the movement distance of the recording 25 
sheet in the subsidiary scanning direction is 
decreased, and the image forming speed is not low- 
ered. 

(6) The ink-jet printer of item (3), in which 

each of nozzles of the plurality of line-type heads is 30 
located at the same position in the primary scan- 
ning direction. 

When each of nozzles of the plurality of line- 
type heads is located at the same position in the 
primary scanning direction, a plurality of line 35 
images can be simultaneously formed, thereby, 
high speed image formation can be attained. 

Further, when the relative movement in the 
subsidiary scanning direction of the recording sheet 
to line-type heads is made into such a movement 40 
that a band image obtained by one image formation 
by a plurality of line-type heads, overlaps, noises 
due to no-jetting of ink, or curved-shooting of ink 
are decreased in one line-type head, and a high 
quality image can be formed. 45 

Still further, in the case where each line-type 
head is produced by jointing short line-type heads, 
when joints of small line-type heads of each line- 
type heads are respectively shifted in the primary 
scanning direction, image failure generated when so 
short line-type heads are jointed, can be prevented. 

(7) The ink-jet printer of item (3), which comprises, 
a plurality of line-type head groups including a plu- 
rality of line-type heads in which each nozzle of 
each line-type head is located at the same position 55 
in the primary scanning direction, 

wherein, between adjacent nozzles of one line-type 
head group of the plurality of head groups, nozzles 
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of the other line-type head groups are located. 

[0032] In the line-type head group, each nozzle of 
each line-type head is located at the same position in 
the primary scanning direction, thereby, a plurality of 
line images can be simultaneously formed, resulting in 
high speed image formation. 
[0033] Yet further, when the relative movement in the 
subsidiary scanning direction of the recording sheet P 
to line-type head groups is made into such a movement 
that a band image obtained by one image formation by 
a plurality of line-type head groups, overlaps, noises 
due to no-jetting of ink, or curved-shooting of ink are 
decreased in one line-type head group, and a high qual- 
ity image can be formed. 

[0034] In the case where each line-type head is pro- 
duced by jointing short line-type heads, when joints of 
small line-type heads of each line-type heads are 
respectively shifted in the primary scanning direction, 
image failure generated when short line-type heads are 
jointed, can be prevented. 

[0035] Furthermore, when, between adjacent nozzles 
of one line-type head group of the plurality of head 
groups, nozzles of the other line-type head groups are 
located, resolution in the primary scanning direction is 
improved, and a high quality image can be formed. 
[0036] Further, even if there is a nozzle defect such as 
no-jetting of ink or curved-shooting of ink, in any line- 
type head of a plurality of fine-type heads, and noise is 
generated in an image, the noise is reduced by image 
formation by using other line-type heads, and high 
image quality is attained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] The objects and advantages of the present 
invention will become apparent upon reading the follow- 
ing detailed description and upon reference to the draw- 
ings in which: 

Fig. 1 is a view for explaining the overall structure of 
a line type ink-jet printer of the first example of the 
present invention; 

Fig. 2 is a view for explaining the structure of a line- 
type head shown in Fig. 1 ; 
Fig. 3 is a view for explaining electrical connection 
of the line type ink-jet printer of the first example; 
Fig. 4 is a flow chart for explaining operations of the 
line type ink-jet printer of the first example; 
Fig. 5 is a flow chart for explaining operations of the 
line type ink-jet printer of the second example; 
Rg. 6 is a view for explaining the overall structure of 
a line type ink-jet printer of the third example; 
Rg. 7 is a view for explaining electrical connection 
of the line type ink-jet printer of the third example; 
Rg. 8 is a flow chart for explaining operations of the 
line type ink-Jet printer of the third example; 
Rg. 9 is a view for explaining the overall structure of 
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a line type ink-jet printer of the fourth example; 
Fig. 10 is a view for explaining electrical connection 
of the line type ink-jet printer of the fourth example; 
Fig. 11 is a flow chart for explaining operations of 
the line type ink-jet printer of the fourth example; 5 
Fig. 1 2 is an enlarged view of dot images formed on 
the recording medium by the jetted ink from nozzles 
of a line-type head; 

Fig. 13 is a view for explaining the overall structure 
of an ink-jet printer of the first example; 10 
Fig. 14 is a structural view for explaining the surface 
on the nozzle side of the first - fourth line-type 
heads in Fig. 1; 

Fig. 15 is a structural view of an inventive portion of 

the second example; is 

Fig. 16 is a view for explaining the overall structure 

of the ink-jet printer of the third example; 

Fig. 1 7 is a structural view for explaining the surface 

on the nozzle side of the first - third line-type heads 

in Fig. 4; 20 

Fig. 18 is a structural view on the nozzle side of the 

line-type head of the fourth example; 

Fig. 19 is a structural view on the nozzle side of the 

line-type head of the fifth example; and 

Fig. 20 is a view showing an example of the ink-jet 2s 

printer having the conventional line-type head. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

30 

[0038] Next, referring to the drawings, examples of the 
present invention will be described. 

(1) First example 

35 

[0039] Initially, referring to Fig. 1 , the overall structure 
of a line type ink-jet printer of the present example will 
be described below. 

[0040] In the line type ink-jet printer 1, the recording 
sheet P as the recording medium is nipped by convey- 40 
ance roller pairs 31 and 32 of a conveyance mechanism 
3, and further, conveyed in the direction Y in the drawing 
by the conveyance roller pair 31 rotated by a convey- 
ance motor 33. 

[0041 ] A line-type head 2 (a first printing head)and an 45 
auxiliary head 2' (a second printing head) are provided 
in parallel in such a manner that these heads face the 
surface PS of the recording sheet P, between convey- 
ance roller pairs 31 and 32. 

[0042] The auxiliary head 2' is a line-type head having so 
the same image recording width as that of the line-type 
head 2. 

[0043] These line-type head 2 and auxiliary head 2' 
are connected to a control substrate 51 , on which a con- 
trol section, which will be described later, is provided, ss 
through respective flexible cables (hereinafter, called 
FPC) 4 and 4*. 

[0044] Further, as shown in Fig. 2, on one side of the 



line-type head 2, a laser nozzle checking means 6 com- 
posed of a laser light source 61 to irradiate laser beams 
onto liquid drops of ink jetted from nozzles 21, and a 
light receiving element 62 to receive laser beams, is 
provided. 

[0045] Next, referring to Fig. 3. the electrical connec- 
tion of the above structure will be described. 
[0046] In the drawing, numeral 5 is a control section 
which is provided on the control substrate 51 , and reads 
an image signal, and drives the fine-type head 2, auxil- 
iary head 2\ conveyance mechanism 3 and laser nozzle 
checking means 6. 

[0047] Next, referring to Fig. 4, operations of the 
above structure will be described. 
[0048] Initially, existence or not of a nozzle defect of 
the line-type head 2 is checked by using the laser noz- 
zle checking means (Step 1). 
[0049] Concretely, under the condition that laser 
beans are emitted from the laser light source 61, a plu- 
rality of nozzles 21 of the line-type head 2 are succes- 
sively driven one by one. When there is no-jetting of ink 
or curved-shooting of ink, the laser beans arrive at the 
light receiving element 62, thereby, a defective nozzle 
can be specified. 

[0050] Herein, when there is no defective nozzle, the 
control section 5 drives the conveyance mechanism 3 to 
convey the recording sheet P at a constant speed, 
drives the piezoelectric elements 22 corresponding to 
an image signal, causes the nozzles 21 of the line-type 
head 2 to simultaneously jet liquid drops of ink for each 
line, and forms an image on the recording sheet PS 
(Steps 2, 3). 

[0051] Further, when there is a defective nozzle in 
Step 1 , an image is formed by using the auxiliary head 
2* (Steps 2, 4). 

[0052] According to the above structure, when there is 
any defect in the nozzle 21 of the line-type head 2, 
image formation is carried out by using the auxiliary 
head 2' provided in parallel to the line-type head 2, 
thereby, image failure due to the defect of the nozzle 21 
can be improved. 

[0053] Incidentally, the present invention is not limited 
to the above example. In the above example, ink-jet 
using piezoelectric elements 22 as ink-jetting elements 
is described, however, a high voltage type ink-jet, or an 
air bubble-burst type ink-jet may also be allowed. 

(2) Second example 

[0054] Next, referring to Fig. 5, the second example of 
the present invention will be described. 
[0055] Incidentally, the structure of the present exam- 
ple is the same as that of the first example, and opera- 
tions are different, therefore, only operations will be 
described below, and description of the structur will be 
omitted. 

[0056] As shown in Fig. 5, initially, existence or not of 
the nozzle defect of the line-type head 2 is checked by 
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using the laser nozzle checking means (Step 1). 
[0057] Herein, when there is no defective nozzle, the 
control section 5 drives the conveyance mechanism 3 to 
convey the recording sheet P at a constant speed, 
drives the piezoelectric elements 22 corresponding to 
an image signal, causes the nozzles 21 of the line-type 
head 2 to simultaneously jet liquid drops of ink for each 
line, and forms an image on the recording sheet PS 
(Steps 2, 3). 

[0058] Further, when there is a defective nozzle in 
Step 1 , an image is formed by using the line-type head 
2 for other portions except the defective nozzle, and by 
using the auxiliary head 2' for the portion of the defec- 
tive nozzle (Steps 2, 4). 

[0059] According to the above structure, when there is 
any defect in the nozzles 21 of the line-type head 2, 
image formation is carried out by using the auxiliary 
head 2' provided in parallel to the line-type head 2, 
thereby, image failure due to the defect of the nozzle 21 
can be improved. 

[0060] Further, frequency of replacement of the line- 
type head 2 is decreased, resulting in a decrease of 
replacement cost, and an increase of reliability. 

(3) Third example 

[0061] Initially, referring to Fig. 6, the overall structure 
of the line type ink-jet printer of the present example will 
be described. Incidentally, the same portions as those 
in Fig. 1 showing the first example, are denoted by the 
same numeral codes as in Fig. 1, and the description 
will be omitted. 

[0062] The first and second guides 1 01 , 1 02 are pro- 
vided in parallel to each other along the line direction of 
the line-type head 2. A slider 105 provided with an aux- 
iliary head 1 1 0 which has at least not less than one noz- 
zle and faces the surface PS of the recording sheet P 
between the conveyance roller pairs 31 and 32, is mov- 
ably engaged with these guides. 
[0063] This slider (auxiliary head) 1 05 (1 1 0) is driven 
in the direction of the line of the line-type head 2 by an 
auxiliary head movement mechanism 120 composed of 
pulleys 121, 122, a belt 125 which is trained around the 
pulley 121 and 122, and provided with the slider 105, 
and a motor 127 to drive the pulley 121 . 
[0064] Next, referring to Fig. 7, electrical connection of 
the above structure will be described. 
[0065] In Fig. 7, numeral 5 is a control section which 
is provided on the control substrate 51 , reads an image 
signal, and drives the line-type head 2, auxiliary head 
110, conveyance mechanism 3, auxiliary head move- 
ment mechanism 120, and laser nozzle checking 
means 6. 

[0066] Next, referring to Fig. 8, operations of the 
above structure will be described. 
[0067] Initially, existence or not of a nozzle defect of 
the fine-type head 2 is checked by using the laser noz- 
zl checking means (Step 1). 



[0068] Herein, when there is no defective nozzle, the 
control section 5 drives the conveyance mechanism 3 to 
convey the recording sheet P at a constant speed, 
drives the piezoelectric elements 22 corresponding to 
5 an image signal, causes the nozzles 21 of the line-type 
head 2 to simultaneously jet liquid drops of ink for each 
line, and forms an image on the recording sheet PS 
(Steps 2, 3). 

[0069] Further, when there is a defective nozzle in 
10 Step 1 , the auxiliary head movement mechanism 1 20 is 
driven to move the auxiliary head 110 to the position 
corresponding to the defective nozzle (Steps 2, 4). 
[0070] An image is formed by using the line-type head 
2 for other portions except the defective nozzle, and by 
is using the auxiliary head 1 10 for the portion of the defec- 
tive nozzle (Step 5). 

[0071 ] According to the above structure, when there is 
any defect in the nozzles 21 of the line-type head 2, 
image formation is carried out by using the auxiliary 
20 head 1 1 0 instead of the line-type head 2, thereby, image 
failure due to the defect of the nozzle 21 can be 
improved. 

[0072] Further, frequency of replacement of the line- 
type head 2 is decreased, resulting in a decrease of 
25 replacement cost, and an increase of reliability. 

(4) Fourth example 

[0073] Initially, referring to Fig. 9, the overall structure 
30 of the line type ink-jet printer of the present example will 
be described. Incidentally, the same portions as those 
in Fig. 1 showing the first example, are denoted by the 
same numeral codes as in Fig. 1, and the description 
will be omitted. 

35 [0074] A conveyance mechanism 400 of the present 
example is composed of a drum 403 on the peripheral 
surface of which the recording sheet P is placed, and a 
drum driving motor 401 to rotate the drum 403 around 
the rotation axis. 
40 [0075] The line-type head 2 can move in the line direc- 
tion of the line-type head 2 by a line-type head move- 
ment mechanism 450, composed of a guide 411 
provided in the line direction of the line-type head 2, a 
slider 413 which is provided with the line-type head 2 
45 and movably engaged with the guide 41 1, a screw rod 
423 provided in parallel with the guide 41 1 , a screw rod 
driving motor 421 to rotate the screw rod 423, and a nut 
member 415 which is fitted on the side surface of the 
slider 413 and screwed with the screw rod 423. 
so [0076] Next, referring to Fig. 10, the electrical connec- 
tion of the above structure will be described. 
[0077] In the drawing, numeral 5 is a control section 
which reads in an image signal and drives the line-type 
head 2, conveyance mechanism 400, line-type head 
55 movement mechanism 450, and laser nozzle checking 
means 6. 

[0078] Next, referring to Fig. 11, operations of the 
above structure will be described. 
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[0079] Initially, existence or not of the nozzle defect of 
the line-type head 2 is checked by using the laser noz- 
zle checking means (Step 1). 
[0080] Herein, when there is no defective nozzle, the 
control section 5 rotates the recording sheet P at the 
constant angular velocity by using the conveyance 
mechanism 400, drives the piezoelectric elements 22 
corresponding to an image signal, causes the nozzles 
21 of the line-type head 2 to simultaneously jet liquid 
drops of ink for each line, and forms an image on the 
recording sheet P (Steps 2 t 3). 
[0081] Further, when there is a defective nozzle in 
Step 1. a plurality of times of image formation is con- 
ducted. That is, the control section 5 rotates the record- 
ing sheet P at the constant angular velocity by using the 
conveyance mechanism 400, drives the piezoelectric 
elements 22 corresponding to an image signal, causes 
the nozzles 21 of the line-type head 2 to simultaneously 
jet liquid drops of ink for each line, and conducts the fist 
time image formation on the recording sheet P (Steps 2, 
4). 

[0082] Next, the control section 5 drives the line-type 
head movement means 450, and moves the line-type 
head 2 in the line direction (Step 5). 
[0083] Then, the control section 5 rotates the record- 
ing sheet P at the constant angular velocity by using the 
conveyance mechanism 400, drives the piezoelectric 
elements 22 corresponding to an image signal, causes 
the nozzles 21 of the line-type head 2 to simultaneously 
jet liquid drops of ink for each line, and conducts the 
second image formation on the recording sheet P 
(Steps 6). 

[0084] According to the above structure, when there is 
any defect in the nozzles 21 of the line-type head 2, the 
second time image formation, in a plurality of times of 
image formation, (in the present example, two time 
image formation), is carried out by moving the line-type 
head 2 in the line direction of the line-type head 2, and 
image formation of the defective portion is conducted by 
using other normal nozzles 21, thereby, image failure 
due to the defect of the nozzle 21 can be improved. 
[0085] Further, frequency of replacement of the line- 
type head 2 is decreased, resulting in a decrease of 
replacement cost, and an increase of reliability. 
[0086] Further, the present example can be applied to 
line type ink-jet printers as described in the first - third 
example, however, when the first time image formation 
has been completed, it is necessary to re-set the 
recording sheet P manually, or by using any mecha- 
nism. 

[0087] On the other hand, in the line type ink-jet 
printer in the present example, the recording sheet P is 
placed on the circumferential surface of the drum 403, 
and by rotating the drum 403, the recording sheet P is 
conveyed in the subsidiary scanning direction. 
[0088] According to such the structure, when a plural- 
ity of times of image formation are carried out, it is not 
necessary to re-set the recording sheet P and thereby, 



the mechanism becomes simple, as compared to the 
line type ink-jet printers in the first - third examples. 
[0089] Incidentally, the present invention is not limited 
to the above-described example. In the above- 

5 described example, the image formation is carried out 
two times in total, however, when the image formation is 
carried out three times in total, and at least one time of 
the image formation is carried out by moving the line- 
type head 2 in the line direction, effects of the present 

10 example can be obtained. 

(5) Fifth example 

[0090] Referring to Fig. 1 3, the overall structure of the 
is ink-jet printer of the fifth example will be described 
below. Incidentally, the same parts as those shown in 
Fig. 20 showing the conventional example and Fig. 2, 
are denoted by the same numerical codes as in Figs. 20 
and 2, and the description of these parts will be omitted. 
20 [0091] In the drawing, the first - fourth stacked line- 
type heads 121, 122, 123, and 124 are provided in such 
a manner that the line-type heads face the surface PS of 
the recording sheet P as the recording medium between 
conveyance roller pairs 31 and 32. These first - fourth 
25 line-type heads 121, 122, 123 and 124 respectively jet 
liquid drops of the same color ink, and each structure of 
them is the same as the line-type head 2 described in 
the conventional example. 

[0092] Referring to Fig. 14, the surface on the nozzle 

30 side of the first - fourth line-type heads 121, 122, 123, 
and 124 will be described below. 
[0093] A plurality of nozzles 131. 132, 133 and 134, 
each having a pitch (P) of 180 dpi (dots per inch) in the 
primary scanning direction, are formed in the first - 

35 fourth line-type heads 1 21 , 1 22, 1 23 and 1 24. 

[0094] The first - fourth line-type heads 1 21 , 1 22, 1 23 
and 124 are arranged in the primary scanning direction 
respectively by being shifted by 720 dpi each. 
[0095] That is, each one of nozzles 1 32', 1 33' and 1 34' 

40 of the second - fourth line-type heads 1 22, 1 23 and 1 24 
is respectively located between adjacent nozzles 131' 
and 1 31 " of the first line-type head. 
[0096] Next, operations of the above-described struc- 
ture will be described. The control section drives the 

45 conveyance mechanism 3 to convey the recording 
sheet P at constant speed, drives the piezoelectric ele- 
ment 22 of each of line-type heads 121, 122, 123 and 
124, and causes nozzles 131, 132, 133 and 134 of line- 
type heads 121, 122, 123 and 124 to jet liquid drops of 

50 ink, thereby, forms an image on the recording sheet P. 
[0097] According to the ink-jet printer structured as 
described above, when 4 line-type heads 121, 122, 123 
and 124, having nozzles 131, 132, 133 and 134 each 
having a pitch (P) of 180 dpi, are respectively arranged 

55 by being shifted by 720 (180 x 4) dpi each, the resolu- 
tion of th formed image is 720 dpi, and a high quality 
image is obtained. 

[0098] Further, even if there is any nozzle defect such 
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as no-jetting of ink, curved-shooting of ink. or the like, in 
any line-type head of a plurality of line-type heads 121, 
122, 123 and 124. and noise is generated on the image, 
noise is decreased by the image formation by using 
other line-type heads, thereby the image quality $ 
becomes high. 

[0099] Incidentally, the present invention is not limited 
to the above-described example. In the above example, 
ink-jet using piezoelectric elements 22 as ink-jetting ele- 
ments is described, however, a high voltage type ink-jet, 
or an air bubble-burst type ink-jet may also be allowed. 

(6) Sixth example 

[0100] Referring to Fig. 15, the sixth example of the 
present invention will be described below. The differ- 
ence between the present example and the fifth exam- 
ple is as follows: nozzles 131, 132, 133, 134 of line-type 
heads 121, 122, 123 and 124 are arranged in the pri- 
mary scanning direction in the fifth example, but in the 
present example, the first - fourth heads 121, 122, 123, 
and 124 are arranged to cross the primary scanning 
direction. 

[01 01 ] According to the above structure, in addition to 
the effect of the fifth example, pitches of nozzles 131, 
132, 133 and 134 of line-type heads 121, 122. 123 and 
124 in the primary scanning direction are reduced, the 
resolution is increased, thereby, image formation with 
high image quality can be carried out. 
[0102] Further, when a plurality of line-type heads 
121, 122, 123 and 124 are provided, movement dis- 
tance of the recording sheet P in the subsidiary scan- 
ning direction is reduced, and the image formation 
speed is not reduced. 

(7) Seventh example 

[01 03] Referring to Fig. 1 6, the overall structure of an 
ink-jet printer of the seventh example will be described. 
The same parts as in Fig. 20 showing the conventional 
example and Fig. 2, are denoted by the same numeral 
codes as in Fig. 20 and Fig. 2, and explanation of them 
will be omitted. 

[0104] In the drawing, the first - third tine-type heads 
221 . 222, and 223 which are stacked to face the surface 
PS of the recording sheet P as the recording medium, 
are provided between the conveyance roller pairs 31 
and 32. These first - third line-type heads 221 , 222. and 
223 respectively jet liquid drops of ink with the same 
color, and each structure is the same as the line-type 
head 2 described in the conventional example. 
[0105] Next, referring to Fig. 17, the surface of the 
nozzle side of the first • third line-type heads 221. 222, 
and 223 will be described. 

[0106] A plurality of nozzles 231 , 232, 233 with the 
same pitch are formed in the primary scanning direction 
in first - third line-type heads 221 , 222, and 223. 
[0107] The first • third line-type heads 221 , 222, and 



223 are arranged in such a manner that respective noz- 
zles 231 , 232 and 233 are located at the same position 
in the primary scanning direction. 
[01 08] Next, operations of the above structure will be 
described. The control section conveys the recording 
sheet P at a constant speed by using the conveyance 
mechanism 3. 

[01 09] The control section drives the piezoelectric ele- 
ment 22 of the first line-type head 221 corresponding to 
the image signal, drives the nozzle 231 of the first line- 
type head 221 to jet liquid drops of ink, and an image of 
1 line is formed on the recording sheet P in the primary 
scanning direction. 

[0110] Simultaneously, a line image next to the line 

image formed by the first line-type head 221 is formed 

by using the second line-type head 222. 

[0111] Further, a line image next to the line image 

formed by the second line-type head 222 is formed by 

using the third line-type head 223. 

[0112] According to the ink-jet printer having the 

above-described structure, a plurality of line images can 

be simultaneously formed, therefore, high speed image 

formation can be carried out. 



[01 1 3] Referring to Fig. 1 8, the eighth example will be 
described below. Fig. 1 8 is a structural view of the noz- 
zle side of the line-type heads of the eighth example of 
the present invention. The same portions as in Fig. 17 
showing the seventh example are denoted by the same 
numeral codes as in Fig. 17, and description for them 
will be omitted. 

[01 1 4] In the present example, the first line-type head 
221 is produced by jointing short line-type heads 221a, 
221b, 221c. ... 

[01 1 5] The second line-type head 222 is produced by 
jointing short line-type heads 222a, 222b, 222c, ... 
[0116] The third line-type head 223 is produced by 
jointing short line-type heads 223a. 223b. 223c. ... 
[0117] Joints of short line-type heads 221a, 221b, 

221c 222a. 222b, 222c 223a. 223b, 223c of 

line-type heads 221. 222 and 223 are arranged by 
respectively being shifted in the primary scanning direc- 
tion. 

[0118] According to such the structure, in addition to 
effects of the seventh example, the following problems 
can be eliminated: a problem of image failure generated 
by jointing the short line-type heads, that is, a problem 
in which nozzles with different liquid drop jetting charac- 
teristic exist in one line, thereby, image failure is gener- 
ated on the recording sheet P, and a problem in which 
nozzle pitches are different at joints. 



[01 1 9] Referring to Fig. 1 9, the ninth example of the 
present invention will be described below. Fig. 19 is a 
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structural view of the nozzle side of the fine-type head of 
the ninth example of the present invention. 
[01 20] In the drawing, numeral 41 5 is the first line-type 
head group composed of line-type heads 411 and 412 
in which positions of nozzles 41 3 and 41 4 are the same s 
in the primary scanning direction. 
[0121] Numeral 425 is the second line-type head 
group composed of line-type heads 421 and 422 in 
which positions of nozzles 423 and 424 are the same in 
the primary scanning direction. w 
[0122] Numeral 435 is the third line-type head group 
composed of line-type heads 431 and 432 in which 
positions of nozzles 433 and 434 are the sane in the pri- 
mary scanning direction. 

[0123] Nozzles 413, 414, 423, 424, 433 and 434 of 15 
these first - third line-type head groups 415, 425 and 
435 are arranged by being shifted respectively by a pre- 
determined pitch in the primary scanning direction. 
[01 24] That is, these nozzles are arranged such that, 
between adjacent nozzles of one line-type head group 20 
of the first - third line-type head groups 415, 425 and 
435, nozzles of the other line-type head groups are 
located. 

[01 25] According to such the structure, in each of line- 
type head groups 415, 425 and 435, when each nozzle 25 
of each line-type head is located at the same position m 
the primary scanning direction, a plurality of line images 
can be simultaneously formed, resulting in high speed 
image formation. 

[0126] Further, when the relative movement in the 30 
subsidiary scanning direction of the recording sheet P 
to line-type head groups 415, 425 and 425 is made into 
such a movement that a band image obtained by one 
time image formation by a plurality of line-type head 
group 415, 425 and 435, overlaps, noises due to no-jet- 35 
ting of ink, or curved-shooting of ink are decreased in 
one line-type head group, and a high quality image can 
be formed. 

[0127] When each of line-type heads 41 1 , 412, 421 , 
422, 431, 432 of line-type head groups 415, 425 and ao 
435 is produced by jointing a plurality of short line-type 
heads, joints of short line-type heads of each of line- 
type heads 411, 412, 421, 422, 431, 432 are respec- 
tively shifted in the primary scanning direction, thereby, 
image failure generated by jointing short line-type as 
heads can be prevented. 

[0128] Further, when, between adjacent nozzles of 
one line-type head group of line-type heads group 415, 
425 and 435, nozzles of the other line-type head groups 
are located, resolution in the primary scanning direction so 
is improved, and a high quality image can be formed. 
[01 29] Further, even if there is a nozzle defect such as 
no-jetting of ink or curved-shooting of ink, etc., in any 
line-type head of line-type heads 411, 412, 421, 422, 
431 and 432, and noises are generated in an image, ss 
nois s are decreased by image formation using other 
line-type heads, resulting in high quality image. 
[0130] As described above, when there is any defect 



on the line-type head, image failure due to nozzle defect 
can be improved by conducting image formation by 
using an auxiliary head provided in parallel to the line- 
type head. 

[0131] Herein, when a head having image recording 
width more than that of the line-type head is used as an 
example of an auxiliary head, image failure can be 
improved by using the auxiliary head instead of the line- 
type head, or by driving a nozzle of the auxiliary head 
corresponding to the defective nozzle of the line-type 
head. 

[0132] Particularly, when a nozzle of the auxiliary 
head is driven corresponding to the defective nozzle of 
the line-type head, frequency of the replacement of the 
line-type head is decreased, resulting in a decrease of 
the replacement cost, and an increase of the reliability. 
[0133] Further, when, as the auxiliary head, a head 
movable in the line direction of the line-type head is 
used, the auxiliary head is moved in such a manner that 
a nozzle of the auxiliary head is located at a position 
corresponding to the defective nozzle of the line-type 
head, the nozzle of the auxiliary head is used instead of 
the defective nozzle of the line-type head, and an image 
is formed, thereby, image failure is improved and fre- 
quency of replacement of the line-type head is reduced, 
resulting in a reduction of replacement cost and an 
increase of the reliability. 

[01 34] Further, in the plurality of image formation con- 
ducted on the same recording medium, at least one 
image formation is conducted by moving the line-type 
head in the line direction of the line-type head, and 
image formation of the defective portion is conducted by 
using other normal nozzles, thereby, image failure due 
to the defect of the nozzle can be improved. 
[0135] Further, frequency of replacement of the line- 
type head is reduced, resulting in a reduction of replace- 
ment cost and an increase of the reliability. 
[0136] A plurality of line-type heads by which liquid 
drops of ink of the same color are jetted on the record- 
ing medium, are provided, thereby, image formation 
with high image quality or high speed image formation 
can be attained. 

[0137] In the primary scanning direction, when, 
between adjacent nozzles of one line-type head of the 
plurality of heads, nozzles of the other line-type heads 
are located, resolution in the primary scanning direction 
is improved, and a high quality image can be formed. 
[01 38] Further, even if there is a nozzle defect such as 
no-jetting of ink or curved-shooting of ink, in any line- 
type heads of a plurality of line-type heads, and noise is 
generated in an image, the noise is reduced by image 
formation by using other line-type heads, and high 
image quality is attained. 

[01 39] When a plurality of line-type heads are located 
in the direction to cross the primary scanning direction, 
nozzle pitches in the primary scanning direction are 
decreased, resolution is increased, and image forma- 
tion with high quality can be attained. 
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[0140] Further, by providing a plurality of line-type 
heads, the movement distance of the recording sheet in 
the subsidiary scanning direction is decreased, and the 
image forming speed is not lowered. 
[0141] When each of nozzles of the plurality of line- s 
type heads is located at the same position in the pri- 
mary scanning direction, a plurality of line images can 
be simultaneously formed, thereby high speed image 
formation can be attained. 

[0142] Further, when the relative movement in the 10 
subsidiary scanning direction of the recording sheet to 
line-type heads is made into such a movement that a 
band image obtained by one image formation by a plu- 
rality of line-type heads, overlaps, noises due to no-jet- 
ting of ink, or curved-shooting of ink are decreased in is 
one line-type head, and a high quality image can be 
formed. 

[0143] Still further, in the case where each line-type 
head is produced by jointing short line-type heads, 
when joints of small line-type heads of each line-type 20 
heads are respectively shifted in the primary scanning 
direction, image failure generated when short line-type 
heads are jointed, can be prevented. 
[0144] In the line-type head group, each nozzle of 
each line-type head is located at the same position in 25 
the primary scanning direction, thereby, a plurality of 
line images can be simultaneously formed, resulting in 
high speed image formation. 

[0145] Yet further, when the relative movement in the 
subsidiary scanning direction of the recording sheet P 30 
to fine-type head groups is made into such a movement 
that a band image obtained by one image formation by 
a plurality of line-type head groups, overlaps, noises 
due to no-jetting of ink, or curved-shooting of ink are 
decreased in one tine-type head group, and a high qual- 35 
ity image can be formed. 

[0146] In the case where each line-type head is pro- 
duced by jointing short line-type heads, when joints of 
small line-type heads of each line-type heads are 
respectively shifted in the primary scanning direction, aq 
image failure generated when short line-type heads are 
jointed, can be prevented. 

[0147] Furthermore, when, between adjacent nozzles 
of one line-type head group of the plurality of head 
groups, nozzles of the other line-type head groups are as 
located, resolution in the primary scanning direction is 
improved, and a high quality image can be formed. 
[0148] Further, even if there is a nozzle defect such as 
no-jetting of ink or curved-shooting of ink, in any line- 
type head of a plurality of line-type heads, and noise is so 
generated in an image, the noise is reduced by image 
formation by using other line-type heads, and high 
image quality is attained. 

Claims 55 

1 . An ink-jet printer, comprising: 



a first printing head to emit ink particles, being 
a line-type head in which a plurality of ink-jet 
nozzles are arranged in a line; and 
a second printing head to emit ink particles 
having a color same as that of said ink particles 
emitted by said first printing head. 

2. The ink-jet printer of claim 1 , further comprising: 

a nozzle checking means for detecting a defect 
of said ink-jet nozzle included in said first print- 
ing head; and 

a control means for controlling said second 
printing head so that said ink particles are emit- 
ted by said second printing head, according as 
said nozzle checking means detects said 
defect. 

3. The ink-jet printer of claim 2. ~ - 
wherein said second printing head is a line-type 
head in which a plurality of ink-jet nozzles are 
arranged in a tine, and an image recordable width 
of said second printing head is not shorter than that 
of said first printing head. 

4. The ink-jet printer of claim 2, 

wherein said second printing head is movable in a 
direction of said line of said first printing head. 

5. The ink-jet printer of claim 1 , 

wherein said second printing head is a line-type 
head in which a plurality of ink-jet nozzles are 
arranged in a line. 

6. The ink-jet printer of claim 5, 

wherein said first printing head and said second 
printing head are arranged in such a manner that 
each of said ink-jet nozzles included in said second 
printing head is located at a position between adja- 
cent nozzles of said ink-jet nozzles included in said 
first printing head, in a direction of said line of said 
first printing head. 

7. The ink-jet printer of claim 5, 

wherein said first printing head and said second 
printing head emit said ink particles onto a record- 
ing medium conveyed in a conveyance direction, 
and are arranged in such a manner that said fine of 
said first printing head and said line of said second 
printing head cross a primary scanning direction 
which is perpendicular to said conveyance direction 
of said recording medium. 

8. The ink-jet printer of claim 5, 

wherein said first printing head and said second 
printing head are arranged in such a manner that 
each of said ink-jet nozzles included in said second 
printing head is located at substantially the same 
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position of each of said ink-jet nozzles included in 
said first printing head, in a direction of said line of 
said first printing head. 

9. The ink-jet printer of claim 8, 

wherein an arrangement pitch, in said direction of 
said line of said first printing head, for said plurality 
of ink-jet nozzles included in said first printing head 
is substantially the same as an arrangement pitch, 
in a direction of said line of said second printing 
head, for said plurality of ink-jet nozzles included in 
said second printing head. 

1 0. The ink-jet printer of claim 8, further comprising: 

a first head group including said first printing 
head and said second printing head; and 
a second head group including a third printing 
head and a fourth printing head, both of which 
are a line-type head in which a plurality of ink- 
jet nozzles are arranged in a line, and are 
arranged in such a manner that each of said 
ink-jet nozzles included in said fourth printing 
head is located at substantially the same posi- 
tion of each of said ink-jet nozzles included in 
said third printing head, in a direction of said 
line of said third printing head, 
wherein said first head group and said second 
head group are arranged in such a manner that 
each of said ink-jet nozzles included in said 
second head group is located at a position 
between adjacent nozzles of said ink-jet noz- 
zles included in said first head group, in a direc- 
tion of said line of said first printing head. 

1 1 . An ink-jet printer, comprising: 

a printing head to emit ink particles, being a 
line-type head in which a plurality of ink-jet noz- 
zles are arranged in a line; 
a nozzle checking means for detecting a defect 
of said ink-jet nozzle mounted in said printing 
head; and 

a driving means for moving said printing head 
in a direction of said fine, 
wherein said ink-jet printer performs a plurality 
of scanning operations onto a same scanning 
line of said recording medium to form an image 
of said scanning line when said nozzle check- 
ing means detects said defect, in such a man- 
ner that in at least one scanning of said 
plurality of scanning operations, said driving 
means moves said printing head in a direction 
of said line so as to form said image of said 
scanning line by using another normal ink-jet 
nozzle instead of a defective ink-jet nozzle 
detected by said nozzle checking means. 



1 2. The ink-jet printer of claim 1 1 , further comprising: 

a drum being rotatable around a center axis of 
said drum, and bearing a recording medium on 

5 its circumferential surface; and 

a drum driving means for rotating said drum 
around said center axis, 
wherein said drum, rotated by said drum driv- 
ing means, conveys said recording medium in 

io a subsidiary scanning direction. 
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